Background: The prevalence of restless legs syndrome (RLS) is approximately 10% in general population. This condition is more prevalent in certain diseases and we previously reported the prevalence of RLS in chronic liver disease population to be 62%. Objectives: Our aim was to assess the self-reported prevalence of RLS using an RLS symptom specific questionnaire in liver transplant patients. Methods: Subjects were a convenience sample in transplant clinic. They completed a validated survey for core RLS symptoms and if positive went on to completed a telephone survey using the validated International RLS Severity Scale Questionnaire (IRLS) and the Johns Hopkins RLS QoL survey to measure the effect of RLS symptoms on daily activities. Results: 40 patients surveyed, RLS was found in 16 subjects (40%) with moderate severity {17 (SD + 7.2, high score 31)}. Hepatitis C as indication for liver transplant was more likely associated with RLS (p = 0.05). Calcium channel blockers were protective (p = 0.032) while antidopaminergic agent use was statistically significant for RLS symptom (p = 0.005). On multiple linear regression analysis, diabetes (p = 0.024) and use of antidepressants/antihistamines (p = 0.049) were associated with RLS. Quality of Life (QoL) surveys specific to RLS suggested RLS symptoms resulted in significantly diminished QoL, with an average QoL score of 80 (SD + 11.7). Conclusion: There was a very high prevalence of RLS in our liver transplant patients with majority experiencing moderate or severe symptoms. The explanation for this higher prevalence is likely due to combination of comorbidites as well as medications that can trigger RLS.
Background
Restless leg syndrome (RLS) is a common clinical syndrome with significant impact on sleep quality and quality of life (QoL) and a prevalence of 5% -15% [1] [2] [3] in general population.
This syndrome is most often identified by the following tetrad of symptoms: 1) focal akathesia (an irresistible desire to move localized to the extremities that is periodic and distressing due to abnormal sensations); 2) motor restlessness; 3) quiescagenic symptoms (engendered or exacerbated by remaining at rest); and 4) circadian phenomenon (symptoms worsen in the evening/night for a person entraining to a normal circadian rhythm).
Restless leg syndrome is strongly associated with certain conditions including diabetes [4] [5] [6] , chronic kidney disease (uremic neuropathy) [7, 8] , iron deficiency anemia [9, 10] , obesity [11] , vitamin deficiency states related with peripheral neuropathy [12, 13] and folate deficiency [14] .
There is little known about the natural history of secondary RLS in association with specific disease states.
We have previously reported the prevalence of RLS symptoms in our institution's specialty clinic chronic liver disease population to be 62% [15] . We undertook this current study in an attempt to ascertain any causality of chronic liver disease with RLS by studying a population with reversal of chronic liver disease, namely those with a successful liver transplant.
Prior work in the area of renal failure suggests that some RLS can be reversible. In those with chronic renal failure on hemodialysis, transplantation appears to decrease the prevalence of the condition significantly. Other transplant populations have not faired as well [16] . Minai et al. [17] and Javaheri S. et al. [18] have reported a prevalence of 47.6% and 45% respectively in lung and heart transplant recipients, there is no prevalence data for RLS in liver transplant recipients. The primary aim of this study was to determine the self-reported surveybased prevalence of RLS symptoms in patients who had undergone liver transplantation and were now followed in an outpatient liver transplant clinic. The secondary aims were to determine and compare the patient and laboratory characteristics of this population with or without RLS and for those identified with RLS to measure its severity and impact on QoL through use of validated tools developed by the International Restless Legs Syndrome Study Group (IRLSSG) [19, 20] .
Methods

Subjects
All Liver transplant recipients seen in the outpatient liver transplant clinic between January 2008 to April 2008 were invited to participate in the study. This was a convenience sample. The patient population was heterogeneous in age, gender and etiology of their primary liver disease. All of these patients were routinely followed by the liver transplant team at our institution and were clinically stable with stable graft function on standard immunosuppression and prophylactic antibiotics based on our institution's liver transplant protocol. Those with comorbid diseases known to be associated with RLS were not excluded from participation.
Study Protocol
The protocol for this study was approved by the institutional review board of the Medical College of Wisconsin and conforms to the ethical guidelines of the 1975 Declaration of Helsinki. Consent to participate was obtained at the time of the scheduled Transplant clinic visit by the treating hepatologist. The subjects were asked if they would be willing to fill out a one-page survey and to be contacted by phone for follow-up questions if necessary. The content of the survey was not revealed before consent to participate was obtained to reduce selection bias. An initial screening survey was a self-response questionnaire during an already scheduled clinic visit. The survey queried demographic and health information including recognized conditions associated with RLS and 5 RLS qualitative screening questions based on IRLSSG and the National Institutes of Health definition of the syndrome.
Survey results were reviewed by the investigators and a trained investigator did phone follow-up with individual participants who were positive for RLS was utilized to confirm the RLS symptoms reported on the survey. The investigator again queried and confirmed the previous responses from the subjects reported on their survey. Once RLS was confirmed, the investigator also performed the International RLS Severity Scale Questionnaire (IRLS) with the subjects. This scale is a validated rating scale of severity based on the discomfort due to RLS, the need to move the legs, the severity of sleep disturbances, the impact of RLS on daily activity and the overall severity of the symptoms and the relief of discomfort by movement. The participants identified with RLS also completed an RLS specific QoL survey; the Johns Hopkins RLS QoL survey [21] . This survey measures the effect of RLS symptoms in the context of their impact on performing activities such as occupational and social responsibilities, and activities of daily living.
A standardized chart review was also conducted on all subjects. Items audited included date of transplant, liver function tests, renal function, hemoglobin, ferritin, previous or current alcohol use and additional diagnoses such as anemia, neuropathy, diabetes peripheral neuropathy, chronic kidney disease and medications known to precipitate RLS.
Statistical Analysis
Sample size for 2 proportions using a power value of 0.8 and assumed post-transplant rate of 30% was performed using Minitab software and resulted in a sample size of 40. All additional statistical analysis was performed using Sigma Plot. Descriptive statistics for variables such as laboratory values were performed and represented as means with 95% confidence of interval (CI). Fisher's exact test and Pearson's chi square test used for medications and other categorical measures. Mann-Whitney was performed for certain measures where it was appropriate. ANOVA on Rank and Dunnett test was performed on group means for identifying any variable associated with RLS. A multiple linear regression analysis was also performed.
Results
All liver transplant recipients seen in clinic between January 2008 and April 2008 were invited to participate. Forty three patients initially agreed to participate in the study between January 2008 and April 2008. Two patients did not complete the survey. One patient subsequently requested to be withdrawn from the study and that survey and analysis were not included in the study. The demographics of the forty subjects analyzed were 54.7 ± 1.8 (mean ± SEM) years of age ( Table 1) and there were 27 (67.5%) men and 13 (32.5%) women. The reason for transplant in the overall group included 10 (25%) for alcoholic cirrhosis, 10 (25%) for hepatitis C, 4 (10%) for PSC, 5 (12.5%) for NASH, 1 (2.5%) for Hepatitis B, 1 (2.5%) for Hepatitis B/C co-infection, 1 (2.5%) for Budd chiari syndrome, 1 (2.5%) for cryptogenic cirrhosis, 2 (5%) for primary biliary cirrhosis, 1 (2.5%) for hereditary hemochromatosis and 4 (10%) subjects for liver failure due to autoimmune hepatitis. In the overall group, time since transplant was 6.7 ± 0.65 years (mean ± SEM). Liver function tests were mildly elevated in only one patient in RLS group and in five patients in non-RLS group however out of those five patients only two had ALT values more than twice the upper limit of normal. None of the patients had evidence or suspicion for graft failure at the time of recruitment. Of the 40 subjects, 16 reported RLS symptoms on the validated survey which was later confirmed by physician telephone interview. No subject contact was found to have a false positive RLS survey. In our clinic sample, the prevalence of RLS was 40% (CI 26% -57%) (p < 0.05%) which is significantly elevated compared to general population survey based prevalence. There were twice as many men as women in both groups. Comparison between those with RLS and those without revealed a similarly high rate of diabetes in both groups ( Table 1) . Use of medications (calcium channel blockers, antidepressants, dopaminergic antagonists) known to cause or exacerbate RLS was low in both groups. Four of sixteen patients (25%) reporting RLS were on antidepressants known to cause RLS vs. one patient in non-RLS group (4.1%). Five subjects in RLS group (31.25%) and two in non-RLS group (8.33%) were on antihistamines. Medications used to treat RLS such as benzodiazepine were used in two patients in non-RLS group however no patient with RLS was on benzodiazepines. No subject in either group was on a dopaminergic agent.
There was no active alcohol use reported by any patient in either group. Folic acid levels, vitamin B12 levels and iron panel and ferritin were available for very few patients in either group and analysis was not done on those factors.
A comparison of RLS and non-RLS groups was made to evaluate for variables in both groups. There was no statistical difference in various immunosuppressants used in both RLS and non-RLS group ( Table 2) . In regards to etiology of liver disease for liver transplant and its association with the presence of RLS, in those with hepatitis C there was a trend towards statistical significance in RLS patients (p = 0.05) but alcohol related liver disease was not statistically significant (p = 0.263). All other etiologies for liver transplantation were too small in number for analysis. Medications influencing RLS such as use of calcium channel blockers, antihistamines, benzodiazepines, antidepressants were analyzed and use of calcium channel blockers appeared protective against RLS (0.032) however use of an antidopaminergic agent (antidepressants, antihistamines) was statistically significant for those with RLS (0.005). In regards to lab values, a GFR with cut off value of >50 ml/minute/m 2 was not statistically significant (0.755). To further evaluate the factors known to influence the RLS a multiple linear regression analysis was done for GFR (cutoff > 50) (renal failure), diabetes, neuropathy, calcium channel blockers, hemoglobin (for anemia), serum magnesium, serum calcium, antidepressants/antihistamines and etiology of liver disease. The presence of Diabetes (0.024) and use of antidepressants/antihistamines (0.049) were found to be associated with RLS. Use of calcium channel blockers again showed to be protective against RLS (0.013).
After reviewing the charts of each patient reporting RLS and excluding all known risk factors for secondary RLS, (iron deficiency anemia, diabetes, kidney disease, neuropathy, meds with dopaminergic effects, anticholinergic effect and antihistamines) 2 out of 16 patients with RLS (12.5%) were found to have no clear causative factor to result in RLS. While metabolic profiles were not complete, of those with RLS who had a TSH checked, none were abnormal.
RLS Quality of Life and Severity Assessment
Twelve of 16 subjects reporting RLS symptoms completed and returned the RLS QoL survey. The mean RLSQoL score was 80 (SD + 11.7). This score reflects moderately diminished QoL based on previous validation with a general population surveyed. A 10 question survey to assess the severity of RLS symptoms (IRLS) was also completed by these 12 RLS positive patients. The mean score was 17 (SD + 7.2, high score 31) indicating moderate severity of RLS when compared to the validated and published rating scale for this tool (IRLSSG).
Discussion
This is the first study to report the prevalence and factors associated with RLS in liver transplant recipients. In this study of our institution's transplant clinic population, we found a 40% prevalence which is significantly higher than that reported in studies in general population (5% -15%) [1] [2] [3] . This finding however is similar to the rates reported for lung and heart transplant recipients [17, 18] and is also in the range of what we have previously reported for patients with chronic liver disease [15] . However, in contrast to our previous study on patients with chronic liver disease [15] , post-transplant patients have excellent graft function with no evidence of liver failure in any subject. Also there is a difference in medication profile in the two groups of patients and majority of the patients in later group are considered cured with no evidence of recurrent liver disease except in patients who have recurrent hepatitis C with no evidence of cirrhosis. This study was aimed at patients whose liver disease was resolved after liver transplantation and had functioning hepatic grafts at the time of study. Hence one possible explanation for this higher prevalence is likely due to combination of comorbidities as well as medications that can trigger RLS. Group comparisons of liver transplant recipients with and without RLS at our center does not provide us with any clear mechanism however on multivariate analysis diabetes which is a known risk factor was statistically significant i RLS group as well as use n of antihistamines/antidepressants was associated with RLS. Interestingly, the presence of hepatitis C showed a trend toward statistical significance for RLS on Fisher exact test and not significant by multiple regression analysis. Population studies of RLS have indicated that RLS has a female predominance 20. In our study however, there were more male participants in general but there was a 2 to 1 male predominance in both RLS and nonRLS groups. This finding may very well be due to higher percentage of male liver transplant recipients in general (UNOS.org). While renal failure has been linked to a higher risk of RLS [22, 23] , in our study a decreased GFR did not show influence on occurrence of RLS. A number of medications are believed to either induce or exacerbate the symptoms of RLS. These include selective serotonin re-uptake inhibitors, tricyclic anti-depressants [24] [25] [26] [27] , non-opioid analgesics, lithium [28] , beta-blockers, histamine-2 blockers, dopamine antagonist and ethanol [29] . There was a significantly higher use of these medications in the RLS group compared with the non-RLS group ( Table 2) . Alcohol use has been related to neuropathy which could be associated with RLS however most of the patients transplanted for alcoholic cirrhosis in our cohort were in the non-RLS group. The finding of a trend toward significant associated between RLS and Hepatitis C is interesting. Although no clear link has been documented between the two, chronic hepatitis C is associated with neuropathy [30, 31] and neuropathy can be associated or mistaken for RLS. Whether hepatitis C is the cause for RLS in some of these patients warrants further study. Although calcium channel blockers are known to cause the RLS, this was not the case in our cohort of patients however the likely explanation to this could be a sampling bias.
The limitations of our study include its relatively small size, use of convenience sample, single center experience, inability to control for time from transplant and lack of data on pre-existing RLS and lab values (e.g. iron panel) for all patients. We were further limited by the retrospective nature of the chart review portion and the lack of corroboration of the questionnaire-based findings with direct physical examination and laboratory testing specifically targeted to RLS risk factors.
Future directions of study should be a prospective analysis of complete blood profiles including vitamin B12 and other nutritional markers, CMV status, and detailed physical examinations coupled with nerve conduction studies to confirm that neuropathic pain is not being misinterpreted as RLS symptoms.
In conclusion, RLS symptoms were present in a very high proportion of our liver transplant population and 75% of them had moderately severe symptoms. When we compare this group to those at the same center with advanced liver disease, we do not see any significant decrease in the overall prevalence suggesting that the liver dysfunction is not a direct cause of the symptoms reported. In addition, contrary to the general population and other solid organ transplant recipients RLS was reported more often in men and appeared to be most influenced by the presence of diabetes and hepatitis C and use of medications (antidepressants/antihistamines) known to exacerbate RLS. The prevalence and severity of RLS in this population cannot be overlooked. It can be a significant cause of decreased quality of life that can be easily treated once recognized. A more careful history and examination and understanding of the medication profile which affects the RLS is needed in this group of patients who are already on a number of complex medications.
